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Introduction
An ageing population bears important consequences for labour markets. Policy makers and an increasing number of individual organisations as well as private rms realise that early retirement of older employees deprives companies of valuable expertise and creates a shortage of qualied employees. Thus, the trend towards early retirement policies starts being reversed.
Nevertheless, the available evidence indicates that in many countries older workers continue to confront unfavourable labour market conditions compared to other age groups. Despite the increasing need for working life extension as well as the age diversity enabling the transmission of skills and know-how, the employment and hire rates of older workers stay at a very low level in many developed countries. Employers' negative perceptions about the adaptability and productivity of older employees are among the reasons. An increase in the workforce's average age is frequently associated with higher labour costs as well as greater resistance to technological developments and only rarely with an expected increase in productivity (Remery et al., 2003) . Although employers appreciate older employees' experience, loyalty and low turnover, nevertheless younger workers are preferred when it comes to actual hiring decisions (Guest and Shacklock, 2005) .
Actually, the distribution of productivity across the age groups is not a priori determined. It can be higher for older workers due to longer experience acquired and higher level of job specic knowledge. On the other hand, the older workers' eciency might become deteriorated as a result of the structural changes in the labour market, e.g. accelerating technological progress and less training oered (Daveri and Maliranta, 2006; Maurer, 2001 ). Interestingly, age-productivity prole might dier between occupations. Older employees can remain highly productive in the domain that they know well and where relatively long experience is important. Thanks to tacit knowledge, older managers may perform as well as younger ones (ColoniaWillner, 1998) . On the other hand, reduction in productivity of seniors appears to be the strongest in jobs where speed, spatial orientation and learning new materials are important (Skirbekk, 2003) .
In particular, the situation of older workers on the labour market may be undermined when aging drives a negative wedge between the workers' productivity and earnings.
The increasing age-earnings pattern characterised by lower wages for young workers and higher wages for older workers is widely observed (Loewenstein and Sicherman, 1991) . This fact combined with doubts about the true productivity of older workers raises an important question on the relations between productivity and earnings across the age groups. There exists some empirical evidence against the paradigm of wage and marginal productivity equality. Frank (1984) as well as Campbell and Kamlani (1997) have found that wage rates vary substantially less than do individual productivity values. Even if a wide discrepancy in productivity among individual workers exists, many rms continue to follow strict remuneration scheme based on 2 halshs-00575086, version 1 -9 Mar 2011 education, experience and tenure length. As a result of rigid remuneration system, in response to a negative productivity shock, employers instead of adjusting wages, adjust their employment structure. Consequently, the least productive workers are the rst to become redundant. Likewise, the employment opportunities of workers whose wages exceed their productivity levels become reduced.
The present study aims at evaluating the actual prole of marginal productivity across the age classes within the workforce. The comparison to prole of earnings let us analyse the relative productivity and test whether dierences in wage shares across groups of workers are justied by proportional productivity contribution. Since, as mentioned above, age-productivity prole might dier between occupations, the workforce has been dierentiated not only by age (young, middle-aged, old), but also by skills (low-skilled, high-skilled). The simultaneous dierentiation by age and by skills is of high interest in the perspective of possible dissimilarities among dierent categories of workers with respect to the sensitivity to work eort incentives, training oered, etc.
Although there is a growing research interest in the relation between age and productivity, the empirical analyses so far have often been focused on the estimation of Cobb-Douglas production functions specication in capital and labour. The rmlevel labour productivity itself was treated as a simple summation of productivities of individual workers (Hellerstein et al., 1999; Crépon et al., 2002; Aubert and Crépon, 2003) . Thus, the existing studies are characterised by a limitation of perfect substitutability between dierent categories of workers. In this study, we refer to the production function estimation as well. However, in contrast to the previous studies, the use of the less restrictive, constant-elasticity-of-substitution (CES) functional form is proposed at the level of labour input. This more general form, thanks to smaller number of constraints imposed on the production technology, allows the imperfect substitution between dierent categories of workers. The potential correlation between inputs and productivity has been controlled for according to the method by Levinsohn and Petrin (2003) .
The dataset used in this study (DADS-BRN) covers the French manufacturing, services and trade sectors. French data are particularly interesting in the perspective of our study. Actually, among all OECD countries, France is characterised by the highest employment rate of people aged 25-54 (83 % in 2008) and at the same time one of the lowest employment rate of people over 55 (38 % in 2008) . In fact, workers over 50 are often touched by long-term unemployment. In particular, the low-skilled workers face problems to stay employed and once unemployed, they hardly nd a new job.
A dierentiation of workforce simultaneously by age and skills let us observe the dierences in the age-productivity and age-earnings proles separately within each skill group. We nd that this dierentiation is, in fact, very important. The observed productivity prole across dierent age groups seems actually depending on the skill 3 halshs-00575086, version 1 -9 Mar 2011 level. Among the main ndings of this study, labour productivity is found to be the lowest for the oldest low-skilled workers. In the high-skilled labour category, in manufacturing, the mean productivity stays quite stable across the age groups, being the highest for the workers over 50. In trade, the high-skilled oldest employees are clearly the most productive group. As far as age-earnings pattern is concerned, we observe a very similar pattern throughout the sectors. The wage rates vary considerably less than productivity in both skill groups. The wage prole is however steeper for the high-skilled workers.
The results for manufacturing sector show that the age-productivity and age-earnings proles are compatible with a deferred compensation system. It might indicate that the eort incentive problem has been regulated in practice by many rms by oering at the start of the career wages under the workers' marginal productivity and compensating this dierence in the later periods. On the other hand, in services and in trade, we observe the combined relevance of specic human capital and deferred compensation.
Though, the most interesting aspect is the workers' productivity in relation to their cost. It is particularly important as for the employers it may present an incentive to exclude some age groups from the labour market and to give preference to the others. In our study, the relative productivity over cost in manufacturing sector has been found to represent a similar pattern in both skill groups, being the highest for the young, followed by middle-aged and old workers. In both skill groups in services and for low-skilled trade employees the productivity/earnings ratio is the highest for the middle-aged, followed by young and senior workers. This discrepancy between productivity and wage can be a source of employment diculties particularly for the older low-skilled workers. If prolongation of a working life is one of the political priorities, this fact should be taken into account.
The remainder of the paper is organised as follows. Section 2 discusses the existing theoretical literature as well as empirical evidence on the relation between age, wage and productivity. Section 3 shows the model. In the fourth part an econometric estimation method is presented. The dataset used in this study has been described in part 5. The estimation results are analysed in section 6, followed by the conclusions.
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Age, wage and productivity: literature review
Theoretical background
From an employer's perspective, the actual distribution of productivity and earnings across dierent age groups of the current workforce is very important. While deciding on the production level, a rm has to choose the optimal level of labour input needed to generate the given output. From the economic point of view, there is an incentive to nd the age mix of the workforce that can produce a given output at the least 4 halshs-00575086, version 1 -9 Mar 2011
cost. This will be the age mix that yields the highest labour productivity and is described as the optimal age mix of the rm's workforce (Guest and Shacklock, 2005) . Although the rst aspect, dispersion of earnings, is usually easy to verify, there exists still large uncertainties regarding the productivity distribution across age categories.
Over the 70s and 80s, the relationship between workers' age, wage rates and their productivity has attracted the attention of many researchers. Observations of wage tending to grow with worker's seniority in the rm brought questions on the link between this phenomenon and the evolution of worker's productivity. There exist two important approaches that predict a possible relation between age, wage and productivity: 1) human capital theory suggesting that wage proles are either equivalent to or atter than productivity growth over the life cycle and 2) deferred compensation models justifying the need for a wage prole steeper than productivity.
An explanation yielded by human capital theory is based on the idea that wages increase over time due to investments in human capital, particularly investments in the job training (Mincer, 1974; Becker, 1975) . Older workers are therefore paid more since they have accumulated more rm-specic human capital and thus they are more productive. The general human capital theory is founded on the assumption that at any point in time workers' wage indicates their productivity. Wages rise over the life cycle at a decreasing rate until depreciation exceeds the level of skill acquisition, yielding a concave earnings prole. According to specic human capital theory, the rm and the worker are assumed to share the investment in worker's training during an initial period. While being trained, workers receive a wage that is lower than wages oered otherwise. Thanks to training, workers become more productive and in later periods gain the returns from the investment through higher marginal products and higher wages. In this case, the resulting wage proles will be atter than the productivity path (Hashimoto, 1981) .
On the other hand, deferred compensation models underline the possibility of incentive based compensation schemes. A good example of such model is the agency model by Becker and Stigler (1974) and Lazear (1979 Lazear ( , 1981 . In order to discourage workers' shirking, the rm pays young workers below their marginal productivity and later in their career remunerates them over their marginal product. Senior workers receive high salaries, not due to relatively higher productivity but because it creates the appropriate wage incentives for them and for their younger co-workers (Lazear (1981) ). Consequently, a steeper wage prole increases workers' eort. In particular, the young workers who hope to stay in the rm are induced to perform at the optimal level. The eciency wage models (Yellen, 1984; Shapiro and Stiglitz 1984; Bulow and Summers, 1986) point out the importance of the payment above market clearing wages as a mechanism to elicit more eort from the worker when it cannot be fully observable. The fact that wages do not reect the actual productivity but increase with seniority may result in raised employment diculties for older workers.
Indeed, the deferred compensation contracts may constitute a form of xed costs for 5 halshs-00575086, version 1 -9 Mar 2011 the employer. We observe that for certain jobs many rms employ, but tend not to hire older workers (Hutchens, 1986) .
According to the arguments mentioned above, it takes time for workers to accumulate education, experience and skill through learning-by-doing. Thus, older workers seem to be more productive than younger ones. However, searching for an optimal age composition of a given workforce, one should not forget that younger cohorts of workers today have much higher education levels than their predecessors. Moreover, within the given enterprise, workers of dierent age might be less than perfectly substitutable as it is usually assumed. Hence, the optimum age composition of a given workforce might in fact depend on two elements: relative marginal productivity and the degree of substitutability between workers of dierent age (Lam, 1989) .
Empirical evidence
As far as empirical works are concerned, there is relatively little research aiming at productivity and wage data comparison and their correlation with workers' age.
Among the recent studies, the contribution of Hellerstein et al. (1999) al. The production function was modied in a way to contain directly a ratio of hourly productivity to wage for dierent workers categories. Among the ndings, the authors stated the existence of a wage productivity gap which tends to expand with age. The wages continue to increase with workers' age whereas the productivity 6 halshs-00575086, version 1 -9 Mar 2011 stops rising at one point or even declines. It is though unclear whether the old workers are overpaid or the young ones underpaid, or if these both events take place.
However, the authors pointed out that increase in wages for workers over 35 cannot be interpreted as reecting human capital accumulation.
Expanding on the previous methodologies, Aubert and Crépon (2003) made use of the French panel data decomposing the labour force into thinner age groups.
Through the estimation of the Cobb-Douglas production function, they found that productivity tends to grow with age up to age of 40 and stabilise afterwards. In all the sectors, workers aged 35-39 appear to be slightly less productive than those over 40 and around 15 to 20 % more productive than young workers under 30 years old.
At the same time, the authors found no evidence of a signicant dierence between wage and productivity that could explain the lower employability of older workers.
Although for workers older than 55 a slight decrease in productivity is observed, this result is not statistically signicant.
Again, quite dierent results have been obtained by Hellerstein and Neumark (2006) who refer to their previous article (Hellerstein et al., 1999) . They used the same specications and sample selection criteria but used larger and more representative dataset. The estimated age proles suggest that the most productive group are prime-age workers (35-54), followed by the younger ones and the seniors (over 55) as the least productive. Furthermore, the wage prole steeper than productivity prole is consistent with the deferred compensation model à la Lazear. Finally, the authors strongly rejected the hypothesis of productivity and wage dierentials equality.
Overall, it is evident from this literature review that no clear conclusion can be drawn from earlier research. The current paper continues to investigate the productivity and wage relationship across dierent age categories of labour trying to overcome one common limitation of previous studies. In our analysis, we introduce the possibility of imperfect substitutability between dierent categories of workers. In previous empirical works, regardless of the choice of the production function specication in labour and capital (Cobb-Douglas or translog), dierent workers types were simply summed up according to the assumption of perfect substitutability.
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The model: production function with labour as nested
CES
The assumption of perfect substitutability between workers with dierent characteristics implies that employing one worker while dismissing another one will not lead to any change in the marginal products of either of them as one is perfectly substitutable for another. However, it has been noticed that actually there might arise an interaction of workers within a rm (Lengermann, 2002) . The productivity of a certain employee might be aected by co-worker's characteristics. It might 7 halshs-00575086, version 1 -9 Mar 2011 matter whether the employee works together with a colleague with the same level of skills, similar age, etc. In particular, there exists empirical evidence that the human capitals of young and older workers are imperfect substitutes (Kremer and Thomson, 1998) . Hence, labour is not necessarily as easily substitutable as it seems at rst glance. This study tries to overcome this problem by choosing such a form of the production function that would take into account the potential imperfect substitutability inside of the workforce -between high-skilled and low-skilled workers and between dierent age categories within each skill group. In this purpose, we estimate the Cobb-Douglas production function specication in capital (K ) and labour (L) whereas the labour input itself takes a form of the nested constant-elasticity-ofsubstitution (CES) function.
Since Arrow et al. (1961) have formulated the function of type CES, numerous studies have been pursued in order to estimate its parameters. However, none of them has been used so far in the context of the labour productivity analysis. As mentioned before, most of research on age-productivity pattern has been based so far on the estimation of the production function. However, by imposing the additive functional form for dierent categories of labour inputs, they implied a perfect substitution between them. 
Our benchmark (see Figure 1 ) takes into account two skill groups (low-skilled (L l ) and high-skilled (L h )) and within each skill category -three age groups of workers
The labour input is allowed to be heterogeneous across but homogeneous within closely dened groups of workers. Thus, it is assumed that the employees belonging to the same skill-age group (e.g. young low-skilled) are perfectly substitutable.
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At the highest level , our production function takes the Cobb-Douglas form given by:
where K denotes capital, L stands for labour and A is a Hicks neutral technological progress.
At the second level the labour aggregate is dened as a CES function of high-skilled and low-skilled workers:
( 1) where i indicates the skill category. Finally, each skill group of workers is a CES function by itself:
where the age category is denoted by j .
Based on this choice of production function, we aim at estimating the distribution parameters: δ i , δ ij as well as the substitution parameters: ρ i and ρ ij . The elasticity of substitution is dened as σ =
and is a measure of the percentage change in factors demand due to a percentage change in the marginal rate of technical substitution so that the output remains constant. For the case of constant returns to scale it takes the form: σ = 1 1−ρ . The inverse of sigma 1 σ denotes a change in the marginal rate of technical substitution due to a change in factor proportions so that the output remains constant.
Productivity contribution
Given the estimates of the production function parameters, we compute the labour marginal product for dierent categories of labour. In this setting, the constant returns to scale are assumed at the level of labour inputs. According to the Euler's theorem, under homogeneity of degree 1, the labour function might be represented as a sum of its inputs multiplied by their marginal products:
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Therefore, we can dene the marginal product of labour as labour input contribution to the rm-level production.
Skill dierentiation
For the given skill group, it takes the following form:
The marginal rate of technical substitution depends not only on the factor intensity and the distribution parameter but also on the level of substitution between dierent labour categories. It shows the rate at which one input may be substituted for another, while maintaining the same level of production. The relative marginal product of labour for workers dierentiated by skills is given by:
In order to compare productivity contribution over dierent skill categories, we compute for each enterprise a ratio of marginal product of workers belonging to certain skill group in relation to the average marginal product of labour. For two categories of skills, the ratios take the following form:
where M P av is the average marginal product of total labour.
Age dierentiation
The marginal product of labour for a given age group in a specied skill category is dened as:
The relative marginal product of any two age groups of workers in a given skill group is:
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In our setting, we dene relative marginal products as:
. The productivity contribution of each age group is given by the ratio of marginal product of respective age group over the average labour marginal productivity of a specic skill group:
Wage share
Our dataset contains rich information on earnings. Hence, according to the procedure above, we compute the share of a distinct age group in the wage bill of the given skill category. Given the productivity contributions and the analogously constructed wage shares, we can compare an earnings-productivity pattern for dierent categories of workers.
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The method
As far as the econometric estimation of the production function is concerned, one of the major problems to confront is the possible endogeneity of inputs resulting in inconsistency of direct estimators. In fact, the input demand might be correlated with the productivity shocks unobservable by the econometrician but observed or predicted by the rm (Marschak and Andrews, 1944) . A prot maximizing (or costminimizing) rm facing positive productivity shocks will expand its production and thus increase the inputs level. On the other hand, a consequence of the negative shocks will be a production decrease and lower input usage. A particular concern about the endogeneity bias concerns the analysis of labour disaggregated by age. Aubert and Crépon (2003) draw attention to the fact that enterprise could respond to negative productivity shocks by postponing its hiring decisions. Then, one might observe production decline accompanied by ageing workforce. On the other hand, positive shocks could encourage the rm to hire some young workers. As a result, the rise in output would be generated by relatively younger workforce. The causality problem that appears in such case is whether rms employing relatively older workforce are less productive or if rms employ relatively older workforce because they are less productive.
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In order to obtain consistent estimates of the production function parameters, we use the method developed by Levinsohn and Petrin (2003) . The procedure consists in including in the estimation equation a proxy for the productivity shocks potentially observed by rms while making input decisions 1 . Hence, the parameters identication is based on the variation in output and inputs unrelated to these productivity shocks.
We consider the following value added production function:
The error term is composed of 2 elements: ω it denoting productivity shocks likely observed by the rm and η it having no impact on the rm's inputs decisions. y it is a natural logarithm of value added and k it denotes a natural logarithm of capital.
Following LP, we assume that rms decide on the level of capital at t − 1, thus capital is a dynamic input. The labour and the intermediate input (materials) m it are chosen at time t . The productivity shock ω it is assumed to follow a rst order Markov process:
where I is rm's i's information set at t.
The approach adopted in the current work consists in using intermediate input as a proxy for the unobservable productivity shocks. Hence, materials control for the part of the error term correlated with inputs. Given the above timing assumptions, the rm's demand for the intermediate input m it is assumed to depend on the state variables k it and ω it .
The assumption that intermediate input is strictly monotonic in the productivity shock allows inversion of materials demand function for ω it
and substituting it into the production function so that the following rst stage equation is obtained:
1 An alternative approach toward endogeneity bias has been developed by Arellano and Bond (1991) and consisted in estimating an equation in rst-dierences with appropriately lagged levels as instruments. However, since lagged variables in levels are often weak instruments for contemporaneous dierences, in case of highly persistent data, the method appeared to suer from nite sample bias and poor precision of the estimates. This problem has been further addressed by Blundell and Bond (1998), Blundell and Bond (2000) , Blundell, Bond and Windmeijer (2000) and Windmeijer (2000) . Within this framework lagged levels are used as instruments for contemporaneous dierences and lagged dierences as instruments for contemporaneous levels. 
By substituting the third-order polynomial in k it and m it , in place of φ it (k it , m it ):
we can consistently estimate parameters for labour using the non-linear least squares method. In this setting, β 0 is not separately identied from the intercept of the polynomial δ 0 .
The second stage of the procedure helps us to identify the coecient for capital. It starts with computing the estimated value ofφ it :
For any candidate value α * , we can compute the prediction for ω it for all periods t:
Given these values, we regress non-parametrically ω it on its lagged term ω it−1 :
in order to get the residual ξ it and the conditional expectation E [ω it | ω it−1 ] = ω it − ξ it .
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Given labour coecients, a guess value α * and E [ω it | ω it−1 ], we can nd a consistent estimate of a parameter for capital which is a solution to minimizing a squared sum of a sample residual of our production function:
The asymptotic standard errors for estimated parameters might be constructed using a bootstrap approach.
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Data and summary statistics The DADS contains rich data on the characteristics of the workforce. The number of hours worked is decomposed by workers' age and occupation. The valuable information on earnings allows to measure the share of a distinct labour category in total wage bill. However, the dataset is not without imperfection. Unfortunately, the DADS does not contain any information on workers' education level and tenure.
In order to distinguish among workers according to the level of skills, we make use of the available decomposition by occupation. The DADS employment data are arranged by occupation according to the French socio-professional classication. This classication is used in collective agreements for wage determination. A higher level of education places a worker directly on the higher starting point and experience then allows further wage increases. However, as emphasised by Thesmar and Thoenig (2000) , this classication, based on the mix of education and experience, contains no information about the task-assignment. Therefore, the senior personnel ( Cadres ) may include high-ranked directors as well as e.g. consultants without any supervision duty. Using this occupation classication, we distinguish two skills categories of workers: high-skilled and low-skilled. The high-skilled correspond to employers, the senior and intermediate personnel. The oce and sales employees as well as blue collar workers are included in a low-skilled category. For details, see Table 1. 14 halshs-00575086, version 1 -9 Mar 2011 As far as the labour force composition is concerned, three age classes are considered within each skill group. We dene young workers as those who are under 30 years old, the middle-aged workers between 30 and 50, and the senior employees as those over 50. The reason why we choose these age classes is twofold. Firstly, since we keep only rms where all age categories are present, the condition of sucient number of observations within each age group must have been met. Secondly, the data analysis revealed that the employment level is much more heterogenous among the young (up to 30) and among seniors (over 50) compared to the middle-aged (30-50) group. In particular, the lowest employment characterise the young under 25 and older persons over 55. Nowadays, many young people decide to prolong their education and, thus, enter relatively late into labour market. On the other hand, an earlier exit from the labour market is still quite common among the seniors.
For the purpose of our analysis, the volume of production is represented by value added and the employment level is measured by number of hours worked. It permits to distinguish between part-time and full-time employees. The aberrant values have been eliminated. Value added, capital, labour cost and employment are required to take positive values. Only rms employing at least fty workers have been considered.
As a result of these operations, the nal dataset contains 15'992 observations.
As far as a sector division is concerned, manufacturing, trade and services are distinguished according to NES16 (Nomenclature économique de synthèse en 16 postes).
The agriculture, forestry and shing as well as construction sector (due to high ratio 15 of seasonal workers) have been excluded from manufacturing. Administration and nancial services have not been takes into account in services sector.
The summary statistics of the main variables as well as the labour force composition by age and skills are represented in Table 2 . We can observe substantial dierences with respect to age-employment and age-earnings patterns of workers belonging to dierent skill groups.
Employment pattern
First of all, we can see that in all three sectors, i.e. manufacturing, trade and services, the workers between 30 and 50 years old account for around 0.6 of the total hours worked. The employment of the young and the seniors is considerably lower. If we look separately at each skill group, we can notice that among the highskilled, the number of hours worked by older workers exceeds those of the young. In particular, the discrepancies are the biggest in manufacturing. The opposite pattern characterises the low-skilled employees (with exception of manufacturing sector),
where the young are more numerous than the seniors.
Earnings pattern
As far as the age-earnings pattern is concerned, we observe an increasing prole of hourly earnings for both skill groups in all the sectors. The remuneration of the young workers is the lowest and the oldest employees are paid the most. According to economic intuition, high-skilled workers are better paid than the low-skilled. Taking into account the desaggregation by skills, the prole of hourly earnings of the lowskilled is considerably atter -the dierences between consecutive age groups are at average of 15 % and 4 %. Interestingly, the respective mean dierentials in salaries between the high-skilled age groups are of 40 % and 30 %. Consequently, the range of salaries in this skill category is wider. 
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Results
We start our analysis with estimation of the production function whose structure has been detailed in Part 3. Based on the estimated parameters, we will generate and compare the age-productivity and age-earnings pattern for the low-skilled and for the high-skilled workers belonging to dierent sectors. First, on the basis of median values, we will present the general pattern. Afterwards, we will analyse the density estimations of inter-rm distributions of productivity and earnings. The detailed analysis will be carried out consecutively by skills and then by age within each skill group.
Econometric results
Our estimation procedure consists in estimating three following models:
model (1) with labour dierentiated by skills:
model (2) with labour dierentiated by age:
β ρa model (3) with labour dierentiated simultaneously by age and skills:
The estimation results for each sector of the production function are presented respectively in Tables 3 to 6 2 . The rst column refers to the results obtained according to the nonlinear least squares method. The second column reports the production function estimates based on the two-stages procedure by Levinsohn and Petrin (2003) controlling for the potential endogeneity. Since parameters enter in the function in a nonlinear way, estimators only have asymptotic validity. The standard errors have been constructed according to a bootstrap approach with 200 replications.
Elasticity of substitution
2 In order to check the validity and robustness of our results, in the appendix we present the results of the estimation of dierent models with sub-sector dummy variables in manufacturing and services sectors (Tables 17 and 18 ). The results conrm the robustness of the estimates after introducing the sub-sector controls. In models with labour dierentiated by skills, a inter-skill substitution parameter ρ s surprisingly has been found to converge to 1 in all the sectors (see Table 3 ) which implies perfect substitutability between workers belonging to dierent skill groups.
We suppose that this result might come from the classication on low-skilled and high-skill workers. It is possible that, in fact, there are not much dierences in skill levels for certain socio-professional categories. To circumvent this drawback, we have run the estimation with 3 skill groups, taking apart the intermediate personnel but it did not have much impact on the results. In the sequel, estimations are thus made directly under the constraint ρ s = 1. Notes: Bootstrapped standard errors in parentheses. *** Significant at 1%, ** significant at 5%, * significant at 10%.
The elasticity of substitution between workers dierentiated only by age appears quite dierent by sector (see Table 4 ). The substitution parameter ρ a is not significantly dierent from zero in services, between zero and one in manufacturing and higher than unity in the trade sector. These results imply dierent work organization in each sector. They hold in the model with labour dierentiated simultaneously by age and skills (see Table 5 ). There we observe that the substitution parameter ρ h in the services sector is not signicantly dierent from 0. In trade, the respective parameter for both skill groups tends to converge to 1.
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The results shown in Table 6 include already all these constraints on parameters ρ l and ρ h . We observe that low-skilled services workers of dierent age are closer substitutes than the high-skilled ones. Interestingly, in manufacturing, the highskilled workers have been found more easily substitutable between each other than the low-skilled.
21
Control for endogenity bias
The nonlinear least squares estimates appear to suer from the endogeneity bias implying existing correlation between productivity and input choices. Interestingly, the existing bias has dierent character in distinct sectors. In manufacturing and in trade, the NLLS method tends to underestimate the capital coecient (α) and overestimate the labour coecients (β). Such situation takes place if capital and labour are positively correlated and labour's correlation with the productivity shock is higher than capital's correlation. On the other hand, in services, both NLLS coe-
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We can also observe interesting results regarding the potential endogeneity bias within the labour input. In the model with labour dierentiated by skills (model (1) and (3)), we see the coecients of low-skilled workers to be slightly biased up in all the sectors. Among dierent age categories, the coecients of old workers (as well as young workers in manufacturing) are overestimated. Although these biases are not statistically signicant, they might however indicate that the correlation of these categories of labour with the productivity shock is higher. It could imply that more of this labour type is hired/made redundant in response to the positive/negative productivity shock.
Within the labour dierentiated simultaneously by age and skills, in all the sectors, the NLLS estimates tend to underestimate the middle-aged workers coecient. For other skill-age categories, the results are more sector-specic. Among the underestimated coecients suggesting lower correlation with the productivity shock, we nd: young low-skilled workers in services and trade, old low-skilled workers in manufacturing, young high-skilled workers in services and senior high-skilled workers in trade. Nevertheless, these biases stay not very signicant.
6.2 Age-productivity and age-earnings prole: general pattern
According to the methodology presented in part 3, we construct the productivity contributions and wage shares for dierent categories of workers. Thanks to the information on earnings in the dataset, the share of a distinct age group in the wage bill of a given skill category may be easily computed. Based on the estimated parameters values corrected for the endogeneity bias (right columns of Table 6 ),
we address the question of the marginal product of labour. Consequently, we can compare an earnings-productivity pattern for dierent skill and age categories of workers in three dierent sectors.
A general tendency regarding productivity contributions and wage shares is presented in Table 7 and is given by the median. In our case, where the data are not necessarily symmetrically distributed, the median is a form of average that gives a better idea of a general pattern than given by the mean. In fact, if data are symmetrically distributed, using either the mean or the median gives almost identical results. In case of skewed distributions, using the mean could be misleading as means are very sensitive to outliers.
3 According to Levinsohn and Petrin (2003) , these two cases might be the most relevant for short panels because between-rm variation often plays a dominant role in identication and, in this dimension, capital and labour tend to be highly correlated. Assuming that there exists an average enterprise , we observe throughout the sectors and for both skill categories of workers that wage shares vary substantially less than workers' productivity. In manufacturing, the age-productivity and age-earnings proles are compatible with a deferred compensation system. It might indicate that, in this sector, the eort incentive problem has been regulated in practice by many rms by oering at the start of the career wages under the workers' marginal productivity and compensating this dierence in the later periods. On the other hand, in services and in trade, we observe the combined relevance of specic human capital and deferred compensation. For young employees, the productivity prole is steeper than the wage prole suggesting that investments in specic human capital are important at the beginning of employees' careers. For older workers, the wage share is higher than productivity contribution implying rather an incentive based compensation scheme.
Interestingly, for the high-skilled workers in manufacturing, there is not much dierence in productivity across the age groups. Though, it is the highest for the oldest employees. In trade, the productivity has a clearly increasing slope. Importantly, in both of these sectors, the prole of wage share of middle-aged and senior workers does not diverge much from the prole of productivity contribution.
At the same time, in the low-skilled category, the estimated workers' productivity is clearly the lowest for the oldest workers. It is possible that certain low-skilled employees, as time is passing, either quit the labour market (e.g. due to early retirement) or upgrade their qualications and move to the high-skilled occupations.
Thus, the senior workers who stay in the low-skilled jobs are those who are not very productive. The similar phenomenon could be also observed among the people in high-skilled occupations. Seniors working as highly-skilled experts are not an exception in certain jobs. Hence, the seniors who are still working tend to be those relatively more productive. In order to control for this selection phenomenon, time series on labour turnover would be needed.
Density estimations
The results for the average enterprise are interesting but do not reect all the complexity of variation in wage shares and productivity contributions across the enterprises. Therefore, we also analyse the shape of the density functions of wage and productivity distributions. In this purpose, we make use of kernel density estimation which is a non-parametric way of estimating the probability density function. It is clearly smoother than some other density estimators such as histogram. The univariate kernel density estimator is computed using: where K is the Epanechnikov Kernel function and h is a smoothing parameter called the bandwith (Parzen, 1962) .
Productivity
The productivity contribution (M P ij /M P i av) is dened as a ratio of marginal product of a specic age group (j) over the average labour marginal product of a given skill group (i). If the productivity of a certain age group equals to the sector average, this ratio equals to 1. In Tables 8 -10 , this case is expressed as a black vertical line.
Since the distribution of productivity across the age groups is highly sector-specic, we analyse each sector separately as follows.
Manufacturing
In manufacturing, as shown in Table 8 , the productivity of low-skilled workers across the enterprises is characterised by higher variability than the one of high-skilled workers. In general, the median absolute deviations are higher and there are more positive outliers. If we look closer at dierent age groups, we can notice that in both skills groups a greater variability in productivity is observed among young and older workers. At the same time, the productivity contribution of the middle-aged group does not vary that much between the rms. Its values are well concentrated around the sector average.
Certain particularities can be observed within each skills category. Among the lowskilled, the young workers appear the most productive. Most of them have productivity contribution exceeding the sector average (>1) and we observe many positive outliers. On the other hand, the great majority of older workers have productivity below the average (<1). Though a few positive outliers occur.
The density estimations concerning the high-skilled workers are quite dierent. The productivity distributions of dierent age groups have much more symmetric shape and the median value is quite close to the sector average. In this skill category, the older workers appear the most productive group. More than half of them are more productive than an average high-skilled person.
Services Table 9 reveals a pattern of productivity distribution in the sector of services. This time, a higher inter-rm variability can be observed for the high-skilled employees.
Both, the median absolute deviations as well as positive outliers take much higher values for this type of workers.
Nevertheless, this time the productivity prole across the age groups is similar in both skill groups. The middle-aged workers are found clearly the most productive.
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halshs-00575086, version 1 -9 Mar 2011 Almost all of them reach productivity higher than sector average ( > 1). In contrast, most of juniors and seniors are characterised by the productivity below the mean.
However, there are some positive outliers, especially among the high-skilled workers.
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Trade
As can be seen in Table 10 , in trade the productivity pattern is very dierent from those observed in other sectors. First of all, the productivity variability within narrowly dened age groups is much lower. Furthermore, there are large dierences between skill groups. Among the low-skilled workers, the productivity distributions almost do not cross each other. The middle-aged workers are the most productive with the productivity contribution over the sector average in all the enterprises. The productivity of young and seniors is considerably lower, well below the sector mean.
A very dierent situation takes place within the high-skilled category of workers.
Here, the senior are the most productive group followed closely by middle-aged workers with very similar productivity distribution. The young high-skilled employees are signicantly less productive.
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halshs-00575086, version 1 -9 Mar 2011 The distributions of wages over age and skill categories are presented in Tables 11,   12 and 13. The wage share (W ij /W i av) is dened as a ratio of earnings of a specic age group (j) over the average earnings of a given skill group (i). The ratio equals to 1 (expressed in the tables by a black vertical line) if earnings correspond to the sector average.
In all the sectors we observe a very similar pattern. In general, wage rates vary substantially less than workers' productivity. It is in line with empirical evidence against the paradigm of wage and marginal productivity equality (Frank (1984) , Campbell and Kamlani (1997) ). As far as dierentiation by skills is concerned, wages of low-skilled workers are less variable than those of the high-skilled.
In the low-skilled category, the middle-aged group of workers is characterised by the earnings distribution with the lowest variability, well concentrated around the mean.
The earnings variability of young and older workers is very comparable.
Within the high-skilled group we observe more positive outliers, in particular for senior workers, possibly due to better remuneration oered to high-skilled employees with a long tenure. The distribution of earnings for the middle-aged workers is the least variable, followed by young and senior employees.
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halshs-00575086, version 1 -9 Mar 2011 The most interesting aspect from the perspective of the employer is the workers' productivity in relation to their cost. It is particularly important as for the employers it may present an incentive to exclude some age groups from the labour market and to give preference to the others.
It is possible that some workers having the same productivity are paid dierently or that some other are paid equally but have dierent productivities. Therefore, apart of analysing the productivity distribution separately from wages, we consider also the inter-rm distribution of the productivity/earnings ratio with respect to all age and skill groups (see Tables 14, 15 and 16). We dene it as
It appears that in manufacturing the relative productivity over the wage ratio is the highest for the young, followed by the middle-aged and the old. The possible explanation could be that the young are paid the least and at the same time they are highly motivated to work hard. If there exists incomplete information about the workers' ability at the beginning of their career, the young workers might exert much 31 more eort in order to suggest high ability level and keep their current job (Grund and Westergård-Nielsen, 2005) . The high variability in distribution for the young comes from the positive outliers.
This productivity/earnings ratio decreases with age for both skill groups. It means that the attractiveness of an employee for the employer decreases with age. Though, it is not so strong for the high-skilled workers. The distribution of the ratio shows higher variability for the older compared to the middle-aged workers. It has a lower median and a signicant majority of observations are below the sector average. In services sector, we observe lower variability of the ratio among the low-skilled workers. The high variability for the high-skilled comes, among others, from the positive outliers in this group. In both skill categories, the productivity/earnings ratio is the highest for the middle-aged, followed by young and senior workers. Thus, similarly to the pure productivity prole, the middle-aged workers are the most attractive employees. However, the biggest positive outliers are found among the junior workers.
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halshs-00575086, version 1 -9 Mar 2011 Contrasting results are found in the trade sector as shown in Table 16 . For the low-skilled employees, the productivity/earnings ratio is very dispersed across the age groups. Likewise in services, the middle-aged workers are the most attractive, followed by juniors and seniors. Among the high-skilled, for all the age groups the distribution of the ratio converge closely around the mean and does not vary much.
Again, the prime-age workers constitute the group whose majority has the ratio of productivity over cost higher than the sector average. They are followed by the older workers, whose distribution is well symmetric around the mean.
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halshs-00575086, version 1 -9 Mar 2011 This paper revisits the question of the actual prole of marginal productivity across the age groups within the given workforce and its potential equality with prole of earnings. Using the French rm-level data, we estimated the parameters of the production function where the labour input, dierentiated simultaneously by age and skills, takes a nested CES functional form. We controlled for the endogeneity bias according to the methodology by Levinsohn and Petrin (2003) .
Among the main ndings, workers of dierent age appear to be imperfect substitutes in production. The elasticity of substitution for workers of dierent age has been found considerably lower than implied by the additive functional form specication.
Our results suggest that wages do not necessarily reect the actual productivity.
Consistent with study by Frank (1984) and Campbell and Kamlani (1997) , the wage prole has been found less variable than productivity.
As far as the labour productivity is concerned, its prole across distinct age groups is likely to depend on the skill category. It has been found the lowest for the lowskilled older workers. Senior high-skilled employees in manufacturing and trade are 34 halshs-00575086, version 1 -9 Mar 2011 the most productive group. The results for manufacturing sector show that the ageproductivity and age-earnings proles are compatible with a deferred compensation system. It might indicate that the eort incentive problem has been regulated in practice by many rms by oering at the start of the career wages under the workers' marginal productivity and compensating this dierence in the later periods. On the other hand, in services and in trade, we observe the combined relevance of specic human capital and deferred compensation.
Relative productivity over wage ratio, an important aspect for the employer, has been found sector-specic. In manufacturing, it is the highest for the young workers. In services and trade, the ratio is the highest for the middle-aged employees.
This discrepancy between productivity and earnings can be a source of employment diculties particularly for the older low-skilled workers.
8 Appendix Notes: Bootstrapped standard errors in parentheses. *** Significant at 1%, ** significant at 5%, * significant at 10%.
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